Abstract. Lung cancer is the most common cancer after breast and colon cancer, with high rates of mortality, worldwide. There are two main types of lung cancer, small cell lung carcinoma (SCLC), which accounts for approximately 20% of all lung cancer cases and non-SCLC, which accounts for almost 80% of lung cancer cases. Although lung cancer is one of the most aggressive types of cancer, progress in achieving better clinical outcomes has been gradual. Even though a number of markers have been suggested for the diagnosis of lung cancer and monitoring of disease progression, there is no clear way of assessing the invasion, epithelial-mesenchymal transition (EMT) and metastasizing capability of the primary tumor cells. We investigated the incidence of cytokeratin 19 (CK19)-negative expressers in different types of lung cancer from 111 lung cancer patients, their serum and pleural effusion CYFRA21-1 levels and whether induction of EMT in the primary focus cells influences the expression of CK19. In addition, we examined whether CK19-negative lung cancers were more invasive and metastatic. We also examined the propensity of primary focus cells to undergo EMT in the presence of transforming growth factor-β1 (TGF-β1). The results obtained suggested that the invasion and metastasis of lung tumor cells can be assessed by having a complete picture of serum CYFRA21-1 together with the CK19 expression status of primary focus cells and pleural effusion. This assessment may be further improved by examining the propensity of the isolated primary focus cells to undergo TGF-β1 induced EMT in cell culture.
Introduction
Lung cancer is the most common cancer after breast and colon cancer, worldwide (1) . The incidence of lung cancer is similar to the mortality rates for this disease due to the high fatality of lung cancer. According to the data available from the International Agency for Research on Cancer, the annual lung cancer deaths are expected to increase to approximately 10 million by 2030 (2) . The most common type of lung cancer histologically is adenocarcinoma, which accounts for almost 50% of all lung cancers (3) .
Histologically there are two main types of lung cancer, small cell lung carcinoma (SCLC) and non-SCLC (NSCLC). SCLC accounts for approximatley 20% of all lung cancer cases, while NSCLC accounts for almost 80% of lung cancer cases (4) . There are three histological subtypes of NSCLC: i) squamous cell carcinoma (SCC), ii) adenocarcinoma, and iii) large cell lung carcinoma, each accounting for 25, 40 and 15% of the total NSCLC cases, respectively (5) .
Despite the recognition of lung cancer as one of the most aggressive types of cancer, there is slow progress in the clinical outcomes even though a large number of new drugs are available. The most important issues for this drawback in the clinical handling of lung cancer is the unavailability of validated serum tumor markers, which are useful in both the diagnosis and prognosis of the disease (6) . Many types of malignancy cause pleural effusions, and cancers that most frequently metastasize to the pleura are lung and breast carcinomas and lymphomas. Even though the cytological examination of pleural effusion is considered a standard approach for diagnosis, its sensitivity is typically only 50-70% (7, 8) .
A number of tumor markers, including carcino embryonic antigen (CEA), carbohydrate antigen 125 (CA125), and CYFRA21-1, a fragment of cytokeratin 19 (CK19), have been evaluated as better and more accurate tumor markers in serum as well as pleural fluid in many studies (7, 8) . It has also been observed that a combination of two or more markers is more powerful than a single marker. However, the real diagnosis predictability power of these markers was not assessed in many of these studies, since the cytological presence of tumor cells was detected in the pleural effusions of the patients (9-11). Many of the abovementioned markers were found to be elevated in the pleural effusions of cancer patients as compared to the benign pleural effusions (7) . Pleural effusion-derived human lung cancer cells were found to be more invasive and metastatic than cancer cells from primary lesions and this difference may be related to epithelial-mesenchymal transition (EMT).
EMT, which usually plays an important role in embryonic tissue morphogenesis and in post-injury fibrosis (12, 13) , is inappropriately reactivated during adulthood under certain pathological conditions such as cancer, and contributes to tumor metastasis (13) . EMT is known to mediate the many alterations and the resultant phenotype modulation in tumor architecture. EMT is characterized by the disruption of intercellular adhesion, elevated tumor cell motility, decreased susceptibility to anoikis and apoptosis and in the release of cells from epithelial tissue (9) (10) (11) . The released tumor cells, which are resistant to anoikis, assume mesenchymal-like phenotype that is suitable for migration, invasion and dissemination, all contributing to metastatic progression. In many cases, the degree of EMT of cancer cells determines the severity of cancer (14) . EMT has also been demonstrated to be involved in resistance to anoikis, which is critical in the inhibition of cancer metastasis in various solid tumors (15) .
Cytokeratins (CKs) are common tumor markers and are the main structural elements of the cytoskeleton in epithelial cells, and on the basis of structural properties CKs, there are 20 subtypes. Of these, CK19 is a soluble and acidic type I CK and is expressed in the epithelium lining of the bronchial tree and is known to be overexpressed in lung cancer tissues (16) . There is elevated CK19 degradation in neoplastically transformed epithelial cells due to increased caspase-3 activity, and the proteolytic fragments, particularly, CYFRA21-1, are released into the blood. CK19 is considered to be closely associated with lung cancer; however, some studies reported CK19 expression to be negative in certain lung cancers (9) (10) (11) . CK19 expression in some lung cancer cell lines was reduced following transforming growth factor (TGF)-β-induced EMT (17) . Circulating levels of CK19 fragments including CYFRA21-1 likely reflect the extent of cytoskeletal formation in cancer cells and may also associate with the degree of tumor differentiation towards squamous epithelium (16) .
In the present study, tumor samples from 111 lung cancer patients were employed, and the incidence of CK19-negative expressers in different types of lung cancer was investigated, as well as whether the induction of EMT in the primary focus cells influences the expression of CK19. We also examined whether CK19-negative lung cancers were more invasive and metastatic. Table I . A total of 56 adenocarcinoma, 21 SCC, 32 SCLC and 2 adenosquamous carcinoma cases were identified. The enrolled patients matched the following criteria: Karnofsky score with a >60-year life expectancy of >3 months, no immune system diseases, normal electrocardiogram, normal liver and kidney function, and receiving no antitumor therapy within one month prior to the study. Tyrosine kinase inhibitor-treated cases were of the adenocarcinoma type.
Patients and methods

General
Blood samples were collected from all the patients and sera were separated and frozen until subsequent analysis. Pleural effusion samples were collected by following the approved procedures and were examined cytologically and processed for immunohistochemistry.
Immunohistochemistry. Tumor tissue samples (primary foci) were processed for immunohistochemistry for the detection of CK19, E-cadherin and vimentin. Primary focus tissue samples were fixed in formalin and embedded in paraffin blocks. Multiple sections (4 µm) from each sample were used for immunohistochemical analysis. The samples were stained with hematoxylin and eosin. Anti-CK19, anti-E-cadherin and anti-vimentin antibodies were purchased from TIYO Biotechnology Corporation (Shanghai, China). Anti-CK19 rabbit polyclonal antibody (catalog no. Z98123) was used at a dilution of 1:50; anti-E-cadherin CK19 rabbit polyclonal (catalog no. Z86603) antibody was used at a dilution of 1:100; and anti-vimentin CK19 rabbit polyclonal antibody (catalog no. Z40651) was used at a dilution of 1:500, followed by incubation with horseradish peroxidase-conjugated anti-IgG (Beijing CellChip Biotechnology Co., Ltd., Beijing, China) at a dilution of 1:100. Color development was performed using 3,3'-diamino benzidine substrate. Appearance of tan particles in the cell membrane and cytoplasm was considered positive for CKl9, E-cadherin and vimentin, respectively. Immunohistochemical results were confirmed by two pathologists using a double-blinded method.
Marker analyses. A Roche E601 Cobas automatic chemiluminescence immunoassay analyzer (Roche Diagnostics, Basel, Switzerland) was used to measure serum CEA, CA125, neuron-specific enolase (NSE), α-fetoprotein (AFP) and CYFRA21-1 in patient sera and pleural effusions. CYFRA21-1 >3.3 ng/ml, NSE >15.2 ng/ml, CEA >5.0 ng/ml, CA125 >35.0 ng/ml and AFP >7 ng/ml were considered positive values.
TGF-β1-induced EMT in lung tumor cells.
Tumor cells were isolated from primary focus tissues obtained from the patients. Primary cells were isolated from the primary tumor tissue and pleural effusion from the same patient and were cultured. The cells were isolated in two steps: i) centrifugation through lymphocyte separation medium (specific gravity of 1.077), followed by culturing in RPMI-1640 medium containing 20% fetal bovine serum (Beijing LabLead Biotechnology Corporation, Beijing, China) for 2 days. ii) Subsequently 40/20% Percoll (Beijing Solarbio Science & Technology Co., Ltd., Beijing, China) was used as second step centrifugation for separating the cells. The collected cells were cultured again in RPMI-1640 culture medium containing 20% fetal bovine serum, and incubated at 37˚C under 5% CO 2 atmosphere until 70-80% confluency. The cells were treated with TGF-β1 (purchased from Shanghai Kexing Biotech Co., Ltd., Shanghai, China) at 5 ng/ml for 24 h. The cells were then washed and processed. Immunohistochemical analysis for E-cadherin, CK19 and vimentin, was performed prior to and after treatment with TGF-β1, as described above. Presence or absence of these markers was scored as positive or negative, respectively.
Statistical analysis. P<0.05 was considered statistically significant.
Results
Patient characteristics.
The 111 patients comprised 90 men and 21 women, with a similar age distribution (40-80 years). The patients were diagnosed with stage IV lung cancer. Histologically, the majority of cases were adenocarcinoma type, followed by SCLC and SCC, both in the male and female patients (Table I ). There were only two cases of adenosquamous carcinoma in this patient sample. The majority of the patients received chemotherapy, based on platinum-and docetaxel-based chemotherapy, while those with epidermal growth factor receptor gain-of-function mutations were administered tyrosine kinase inhibitor (TKI) therapy (Gefitinib). Only a small number of patients (5 men and 1 woman) did not receive these therapies due to financial constraints.
Histology of the primary tumor tissue.
Tumor tissues from 111 patients were examined immunohistochemically for CK19 expression. While elevated CK19 expression was observed in certain lung cancers, a loss of CK19 is likely associated with EMT (17) . In the present study, CK19 expression was absent in many SCLC tumors, >50% in men and 100% in women. As such, CK19 expression was relatively decreased in SCLC tumors in comparison to other lung cancers (Fig. 1) . Of the adenocarcinomas, approximately 31% of tumors from male patients were negative for CK19, which was much lower for women (7%). Overall, SCLC tumor tissues showed more likelihood of EMT characteristics (Table I ). There was an apparent reduction in the proportion of CK19-negative expresser primary tumors as well as pleural effusion cells following TKI therapy, in comparison to untreated or chemotherapy-treated patient tumors, in all the types of lung cancer (Fig. 2) . CYFRA21-1 levels. Serum and pleural effusion CYFRA21-1 levels are considered important markers of malignancy for many types of cancer, in particular for lung cancer. Since CYFRA21-1 is a fragment of CK19, we examined the serum and pleural effusion CYFRA21-1 levels as a function of loss of CK19 expression in pleural effusion cells. The results showed that when CK19 was expressed strongly in the primary focus and pleural effusion cells, CYFRA21-1 levels were high and when CK19 expression was lost in the primary tumors and/or pleural effusion cells, CYFRA21-1 levels decreased significantly in all types of cancer (Fig. 3) . Additionally, CYFRA21-1 levels were much higher in the serum and pleural effusion of patients with CK19-positive SCC tumors in comparison to other types of tumors (Fig. 2) . The high levels of CYFRA21-1 in SCC patient sera and pleural effusion likely reflects the strong presence of CK19 in positive tumors (Fig. 1) . The results also suggested that serum CYFRA21-1 levels were elevated only marginally in the lung cancers as compared to the benign base levels (1.3-2.6 ng/ml) with the exception of SCC, where the increase was much above the normal range (Fig. 3) . However, CYFRA21-1 levels were greatly elevated above the benign range (6.5-35 ng/ml) (18) in pleural effusion of the lung cancer patients, suggesting that the pleural effusion measurement of CYFRA21-1 is an optimal tumor marker.
Other serum markers. Markers of tumor malignancy including CA125, CEA, NSE and AFP were measured in the sera of a few of the patients and there was considerable variation among the patients and the levels. Thus, for patients with ADC, the average of CA125, CEA, NSE and AFP was 23.6±10.9, 48.3±39.7, 10.1±2.4, and 2.1±0.6, respectively. For patients with SCC, the average of CA125, CEA, NSE and AFP was 57.1±31.5, 5.6±2.7, 20.8±2.5, and 2.6±0.4 respectively None of the markers was significantly different from the normal range (Fig. 4) .
Induction of EMT in primary focus cells by TGF-β1. TGF-β1
when incubated with primary focus lung tumor cells created changes relevant for EMT, in many cases. Thus, in almost 40% of adenocarcinoma tumors, CK19-positive primary focus cells were induced to lose CK19 expression and undergo EMT by TGF-β1. This proportion of tumors was 28% for SCC and 50% for SCLC (Fig. 5) . Thus, SCLC primary focus cells are inducible to undergo EMT by TGF-β1 more readily. As mentioned above, SCLC primary cells show a higher level of EMT even without induction by TGF-β1 (Table I) .
Another set of important markers of EMT is loss of E-cadherin and gain of vimentin expression. E-cadherin was found to be negative in almost 37.5% of adenocarcinoma primary tumor cells, 52.3% of SCC tumor cells and 22% of SCLC tumor cells (Fig. 6) , prior to treating with TGF-β1. By contrast, vimentin expression in these tumors was positive in 23.2% of adenocarcinoma tumor cells, 33.3% of SCC tumor cells and 31.3% SCLC tumor cells (Fig. 7) . Following treatment of lung tumor primary focus cells with TGF-β1, the loss of E-cadherin expression was always associated with an increase in vimentin expression (Fig. 8) . The percentage of SCC tumors that showed this response to TGF-β1 (40% change in E-cadherin expression and 57% in vimentin expression) was higher than that for adenocarcinoma and SCLC (Fig. 6) .
Discussion
Comparative expression status of CK19 in primary lung cancer tissues and in pleural effusions can be useful in assessing the metastasizing ability of these cancer cells. Thus, if a patient's pleural effusion cells have a higher level of negative expression of CK19 when compared with the same patient's primary lung cancer tissues, it is assumed that the negative CK19 expression is associated with invasion and metastasis (19) . Thus, in the present study, a large proportion of patients with SCLC tumors had tumor tissue with no expression of CK19 and the pleural effusion cells in these patients showed a lack of CK19 expression, indicating a high degree of metastasis in this type of lung cancer, which is a typical characteristic of SCLC (20) . Several reasons for the loss of CK19 expression have been suggested including altered expression and enhanced proteolytic degradation (21) .
Since CYFRA21-1 is a fragment of CK19, serum and pleural effusion CYFRA21-1 levels are considered important markers of malignancy for many types of cancer, in particular for lung cancer (7, 21) . However, it is difficult to be certain regarding cancer diagnosis based on circulating CYFRA21-1 levels as there are lung cancer cases where there are decreased CYFRA21-1 levels while there is an increase in other cases (7, 21) . However, from the present findings, serum CYFRA21-1 levels decreased with the increased possibility of EMT, as detected by loss of CK19 expression in pleural effusions in comparison to the corresponding primary tumor tissue. Thus, serum CYFRA21-1 levels along with CK19 expression status of cancer cells from primary focus and pleural effusions can positively identify the invasion and metastasis ability of the lung cancer cells. Other markers including CA125, CEA, AFP and NSE, which are commonly used for cancer diagnosis, were not consistent in this assessment.
The metastasizing ability is bestowed upon the primary cancer cells via EMT and one of the primary factors that can induce EMT is TGF-β1. Although TGF-β1 normally functions as an inhibitor of epithelial cell proliferation, because of altered signaling pathways in many cancer cells, TGF-β1 acts to enhance the proliferation of cancer cells, including lung cancer cells (22) . In addition to enhancing cancer cell growth, TGF-β1 is known to promote EMT in cancer cells and thus contribute to cancer cell invasion and metastasis. It has been suggested that in the early stages of primary tumor development in epithelial tissues, TGF-β1 acts as an inhibitor of tumor growth via cell cycle arrest and apoptosis (23, 24) . However, as tumor progression occurs, during the later stages of tumor development, there is either inactivation of the TGF-β1 signaling pathway or aberrant regulation of the cell cycle and the cancer cells become resistant to growth inhibition by TGF-β1 (23, 24) . Under these conditions TGF-β1 is used as a growth promoter by the cancer cells (25) . The expression of mRNA and protein of TGF-β1 was greatly elevated in many types of cancer, including those of the pancreas, colon, stomach, lung, endometrium, prostate, breast, brain, and bone (26) .
Considering that the propensity to undergo EMT is enhanced in the presence of a cytokine such as TGF-β1, which is known to be elevated in lung cancer patients, we examined the EMT inducibility of primary focus cells, ex vivo, by TGF-β1. Depending on the EMT marker employed, SCLC and SCC tumors had a higher ability to undergo TGF-β1-induced EMT. SCLC primary focus cells are inducible to undergo EMT by TGF-β1 more readily, if we consider loss of CK19 expression. There is in fact, a higher degree of EMT, in terms of lack of CK19 in SCLC primary tumor cells. By contrast, SCC tumor primary cells respond by the loss of E-cadherin and elevated vimentin expressions. Downregulation of E-cadherin, together with the upregulation of N-cadherin characterizes the EMT process and these changes in the expression of these proteins is associated with the acquisition of resistance to apoptosis and anoikis (27, 28) .
In summary, the results of the present study suggest that the invasion and metastasis of lung tumor cells can be assessed by having a complete picture of serum CYFRA21-1 together with the CK19 expression status of primary focus cells and pleural effusion. This assessment may be further improved by examining the propensity of the isolated primary focus cells to undergo TGF-β1-induced EMT in cell culture.
